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1. Two particles, P and Q, of masses 3m and 2m respectively, are moving on a smooth
horizontal plane. They are moving in opposite directions along the same straight line
when they collide directly.

Immediately before the collision, P is moving with speed 2u.

9
The magnitude of the impulse exerted on P by Q in the collision is %

(@) Find the speed of P immediately after the collision.

®3)
The coefficient of restitution between P and Q is e.
Given that the speed of Q immediately before the collision is u,
(b) find the value of e.
7 (5)
o) Ly w
P/ NQ/ O\
[ Bn ) [ 2Zm )

\ /) \ /
N

A\ %4
N

IMpulse oS {POS!t Hue

G = b(2u-v)

du. = (Lu -bv

bv = 3u

V= lu_@

7

b) Tmpulse equakion for Q (=+):

Amu_= 2m(w+u)@

7 O
Qu = Y(w+u)
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2. Aracing car of mass 750kg is moving along a straight horizontal road at a constant

speed of U kmh™. The engine of the racing car is working at a constant rate of 60 KW.

The resistance to the motion of the racing car is modelled as a force of magnitude
37.5vN, where vms™ is the speed of the racing car.

Using the model,
(@) find the value of U

(4)
Later on, the racing car is accelerating up a straight road which is inclined to the
horizontal at an angle a, where sina = 4% . The engine of the racing car is working at a
constant rate of 60 kKW.
The total resistance to the motion of the racing car from non-gravitational forces is
modelled as a force of magnitude 37.5v N, where vms™ is the speed of the racing car.
At the instant when the acceleration of the racing car is 2ms™, the speed of the racing
carisVms™
Using the model,
(b) find the value of V
(4)
(13 v )—
fndl v ﬁrsL—i Ehen
33.5v ¢ #30kg | 5 F convert vms™ inko
Ukmin

%
SRR

P= 60,000 = Fv > £=£0,000.0
A"

Resolve(=>+): F- 32 5v =0 (1

10,000 -225v =0 (D
"4

50,000 - 3%5y2 =0

vZ = 0,000

+.5

v = YOms™!

p 7 2 81 1 A 0 4 1 6



PhysicsAndMathsTutor.com PMT

( )

RS

K
XS

RIS
KK

CRRLRKR

QXXX

SRR

s
K

XX
%%
<1
e
&
XX

<
%
bosesess

5
RKIKRKILR

Question 2 continued

QK5
o0
oot
5
RS

SRS
of
GRS
RS
2555s

KL

%%
X X
XX
A
&)

%
5

DR
RERKS

need kg convert UOmg™ ks kmw h

KK
<

UWOm = 40 <1000 km = (Y4 kmh O

15 1L =300 W

b

n e N = 5/U9

4
KL
odeseteteted

R

< P= 60.000=FV

bY E = 60,000
ot Vv

7

%

SRR,
000000
‘5é§‘%$'

2

o
K5
55
CKKS

<535
S
Sogoteseset
RREEKLS

¢
X
5
L5

.::’

%’
5

X

RHK
Steteteds

X A
500

Resolve A+ : £ -2F.SV - FS0gsina = 250x2 (O
00,000_-137.9V =2750 © 0
6(31000 -37.5V* = 9750V
27.5V* +72250V -60,000 =0
V=20 or V=-%0
choose V=20 s V>O O

QL
T
%

e
V4
%%

9%
i
\}
N ate
<

7

ORI
£ ootetose
( :
{

7!
NG

X
%)
b

N
3

2

S
¥
Roiet
RRRKRLRE

%%
b
92

S

<]
<
B
Yoo
o2

5555

pelel
P
GE5S
ptetete!

CRRLRAKKL

40X
SRS

CCRICIA

QIR

0%
000
XK
5

(X
55
So%ss
%

G0
ety

0%

o%
RIRRRKARRAAK AN

GO0
S
e

%%

CRKL:

o

¢

3
3

0%}

<>

<
LR
po%e

e
5

&5

0%
'
0%
S8

OIS
RSB
Eottstotetestototets!
B CRGLLRIKS
SN
Sototetatetetete!
KRR

>

%

<
2R
b

06K
RRERKS
QLS
X
ot
boses
CXX

o
53
RS

%
0%

%% %%

CRRLAKL

0K
Dosetele’

(RS

2
SERREIER
bl

%
<

pososoressset
RS

(KL

LRRRLRS

K

. J

VAL O AR A 0 S
OmCW Turn over »
P 7 2 8 1 1 A0 5 1 6 urnove

%
o%
o%




PhysicsAndMathsTutor.com

7

Question 2 continued
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3. Astone of mass 0.5kg is projected vertically upwards with a speed Ums™ from a
point A. The point A is 2.5m above horizontal ground.

The speed of the stone as it hits the ground is 25ms™

The motion of the stone from the instant it is projected from A until the instant it hits the
ground is modelled as that of a particle moving freely under gravity.

(a) Use the model and the principle of conservation of mechanical energy to find the
value of U.

In reality, the stone will be subject to air resistance as it moves from A to the ground.

(b) State how this would affect your answer to part (a).

The ground is soft and the stone sinks a vertical distance d cm into the ground. The
resistive force exerted on the stone by the ground is modelled as a constant force of
magnitude 2000 N and the stone is modelled as a particle.

(c) Use the model and the work-energy principle to find the value of d, giving your
answer to 3 significant figures.

(4)

1)

()

75

ré +« *

= r

(0.5)0* + 0.59(2.5) = 1 (0.525%) +O (D

|
2

J

p 7 2 81 1 A 0 8 1 6

OmC .

PMT!

SLRRK
SR

XXX
KL

Jatsteteleds
o3 e
o2, Jo&
Bo%et S 90%
D% <% Yo%
SN
SR
S 0%%%!
dotes e

UM
Bo%87 N\
o
DeSo 420 )8
Doovar fo%s
PLaset %t
SRS,




PhysicsAndMathsTutor.com PMT

( )

S
LRI
ofotetetetels
RRLR
Se%eleds

S,

<RI

RS
RIHKIH
RLRRKS

&
Sototelel
CIRXK XL
KK

CRRLRKR

X

Question 3 continued

0%

IR
X

XL
< SRRIKIIGIKRA

RARRAKARKARA KN

%%
KR
KL

%
<

c) V25

converkt degw ko m !

05X

lototele
ETHHS
1)

1%

dew =0 .0ld m

&
o

Aol nsk
resiskaace

4

KL
QLK
R

SRR,
000000
‘5é§‘%$'

2

o
K5
55
CKKS

<535
S
Sogoteseset
RREEKLS

¢
X
5
L5

<
S
bose%s
KK
KL
QLR

6
K5
ool

<
X
5
k‘kgﬁ
o ete%et
ZRRKS

156.25 + 0.0U9d =204 .
torce x diskance
d =282 (3s€)Q

X
90920
N
N
&

<
S5
%
33

S

X
.

)

botents
B
X

0900500 9.0%

%

&
o2

KRHRXARRAARARAA

CRIKICA
%

%

IR

NS
bosetores
botole
<
b0

IRILREE
Doteletetolelete!

000000000“‘

o Sotetetotetetetetetel

2%
0%
oK
5858

%

X
%%
9%
%0%
X
<X
KR

%
0%}
o
55
25

2
58
090
X
%
2K
S

XXX
Rasesess
S
9%
RS

<
o008
S5

KL

55
el

&
RRE

SR
%

5

2o

N
SRR
LR
k<o
R
58

0
<
=R
2
2

RS

OO
SR8
K5
<R
5
LR

G
<5
%o
X8
%
0%t

55

<X

SR,
LSS
KRS
LR
IRRRRES

CSRRKAL
K

<
‘é
<X
K
KK
R

. J

VAL OO 000 O 0 S
OmCW Turn over »
P 7 2 8 1 1 A 0 9 1 6 urnove

%
0%
o%
X2
%
<




PhysicsAndMathsTutor.com

7

Question 3 continued
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Figure 1
Three particles, P, Q and R, lie at rest on a smooth horizontal plane. The particles are in
a straight line with Q between P and R, as shown in Figure 1.
Particle P is projected towards Q with speed u. At the same time, R is projected with
1
speed > u away from Q, in the direction QR.
Particle P has mass m and particle Q has mass 2m.
The coefficient of restitution between P and Q is e.
(@) Show that the speed of Q immediately after the collision between P and Q is
u(l+e)
3 (6)
It is given that e > %
(b) Determine whether there is a collision between Q and R.
()
(c) Determine the direction of motion of P immediately after the collision between
P and Q.
(@)
(d) Find, in terms of m, u and e, the total kinetic energy lost in the collision between
P and Q, simplifying your answer.
3)
(e) Explain how using e = 1 could be used to check your answer to part (d).
1)
a) W, C 3
7 7 T4
? N\ Ql/—\\
([ m (2m )
\_/
Vd \
N 4
v w
J
CLM (> +): my +0 = —mv+2muw O
V472w = @
J
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Question 4 continued

(Total for Question 4 is 14 marks)

TOTAL FOR FURTHER MECHANICS 1 IS 40 MARKS
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